2019.03.13.

FoAI|2 [ (F)ElolAdM
gsaTI|e /| MEMHeR

=EUSMNESR
SENESIPYIET- T



Ml &

Mo

TSN ER 32 A%

B HIME “TAUEIEE AT 2viE ESFEAS d83UE ALzt
2016.09.05. ~ 2018.12.31)#A| 8] HFHIAZ A|ESFHTh

2019. 3. 13.

_J_g‘r‘_‘

N
s
R
-
N,
e
o

L (F)FEoldH (WE@)%%%(W
L Agistm AP ET (HEA 2l §R).

{
!

7:]4

el
offt
L2
-4
N,
r o)
o
(o) e

FAYA : AL
FEATAYA : 24D

kel PoREAIIe) Be) So |t 74 A18z0] e}
waA Ao oyt




o = A ]
FA LFH S 116051-03 3 AT 3/3(F )
A7)3E
9l AHg] 52 F7) &0 EAk
A4
A AR E A LAY
o 24 73 (A )
A 7hA)
A A FAYMEEHE AT 2vtE BEFFRAC e e
AR FY o 23:300,00031 €
Foldrd - 197 Er T W171:100,000% €
5 oy | T T 71:400,0007 §)
AT A=} A<
& AT7IRE % 534 - 74 4-:700,0007 1
= [e} . vé_‘ . =] o
geldra sy WRE2340003 2
F 9% 0% 71:934,000% €1
AT A EE =] Amxealm ALEE H
i—’—‘v?l%/ﬂué (_[—)_,_g]o]o‘ﬂ/}&] 715047]1:10H€‘:H§1ﬂ 1_61_%]—":’_]'
FAF AT
Aer
w FUlele JlE Y dge AFANEAGA AT Wgow 2y
ATFALA ] B
qjljfjo Aut : TFAAATALAG ) #E] Gl B A, AMAx)4e] AFEA @
Y om =X T

9 A3t S5-7IEHHE

waA | ATA | Jlgact | azZe | R T
SR N B e B B e R L
Au A
5%
g WE

ZAnel S E R RA 2d0] T2 AT A -G A5

A it

7} A T4 A H] 3L NTIS
RS (L2%) )

o~ gk olelge
e TR (A3h) (dx42) | Z=Ews

B
12
N
Y

QOHAFNEAAYE FHE Moz A3, 500%F o= 23} BalA HE268




03
O
=
N ol gl
g ~ =~
R 4 = = 115
B g N
NN E,AI# " =0
mﬁ = iw‘k 314_” M_Wﬂ.ﬂ M_E.ﬁ m {
= il ﬁﬂ% = G o= % W
~ HT._ E._O h W %0 % Z = TR S
o Tk LLiE T * N DU A
! el A~ 5o = o ) T = AL A= X
== S Mo w A X = u 2
,I‘”ﬂwu \H..WE.#\WEHT_UK‘MW ﬁﬁﬂﬂ]}luﬁ “I,W.L ‘NLMH [=) C.L _ 1__/| Qﬂ T m
B ET g =TT mEE T o 4w w2 < RN
N 1§@%%ﬂ g e 7 T G e w | O
ﬂa?%gf M =T o . ¢4 res X o e T
" x,_%luxh B M - b = OF N w D < 4 o Z =
A = A_oﬂm EL.AT,W ﬂ/u]FE S K 1k A X < | ©
Hfa«m,x é@ﬂﬂmﬁ i V:mu = Wl = = I = An B M = Qmu
H_u ATgo wud.J/'m =y Hoou J %Z.o Eﬂuﬁln_/n 0 oF ﬁﬂqﬂu =
P oo o | W o T ~ w2 Euﬁo%z o y B R T
oq 3 <] < o . e =0 . e K 3 EuE._ o i P s 0 ~ X ],.
W B Am;;o1ﬂ7 N b= K2 oo B ) IL%T:% SN )
2 LHI ukoﬂ Lﬂﬁogﬁoﬂﬂug_a Heﬂ Xﬂ_oﬂﬂ o oo = WU X e S
wj = A p o0 T o e o T = = A 4 w=x o =
w B A W z L WA S = P FE R 5 4 g
\V; T 0 %0 ah o T o T N T T do KT g < " < TS i ° £
.ﬁ HHE] OE__ ATRO‘NEM Eo Ef AT._._ dl,ﬁ ol n,Juﬂﬁ C onﬂo\l_/r _ ‘Lo Mpo =K Mﬁo _zT.c J c.: A
oE z5}6<ahwomauoﬂrmLmnl =< LHTGQS T E%V_ ! w F
0 X o M%%E;]urmi D = B ® | s uoa% A
%A%%@ Vo o T e T o B F 50 MJ_,OL oo Efimqﬂ. T
T N do oo g_,aolmas;.%ﬂ E mF L o T mq%_,ol»& oo = K
geﬂu KB R do ca > = kvoaua EuTi o oo G _ o
ﬂxlll%##uﬁéAmﬂﬂo?% @ﬂﬁmﬂﬂﬁ} o o™ ﬂnjlﬂ? Wéﬂnl 2 g
o.,_oEioX ]]]U ﬂ@lée] ™ ﬂLLI_,oL,&.L‘mVl < do X Ho T T~ X A ® o Ea %u
Ho M i) - Bo o X TR o o
muuﬁo&ogoioioi ]]&oﬂnn_xwﬁ&o ﬁo_zﬁm]rﬁaté o ™ N " =0 m.,_w_ﬂﬂutgo ioa ,m
| FmER o oo do oioEmno%oH I e BT A o N o= - i T r <
,Io BR HR &o &o Gl il ,mx Bk ,Ao T T &o ﬁ il HE 2K T - = Eo
KO " éﬂ]nﬁ A= —_ o oo - N~ - K 0 09 2 ° _,oLL
| T T kaE_ RN o &R RT i G L= ™ i
o ioix]oll X E w0 R i~ o A M o ° o
Lo o E._u ioioi ]]]E 2K 7 < = 1 O o ario 3
o ! { dlo 2w < e b g D o = 2
Lo dlo Zo AL 2 io io ]m./uEﬂo,n_ZT. (S il B o 2
b mumn7kon do do Ho E LM oo T K ko_%um_x _slurm nMu
| ,ﬁ MDM o“_o " oﬁﬂE el FLUX e
ajo o | | umué goﬂg il = W —® ﬂﬂuﬁd«d =
o H@]ill%# wr ™ o 3
dﬂﬂw | | ~ T mml.o\t E_io ,UI_/ ) n
JI‘I;A | io E_ X tm‘lro#og Mﬂ,m_x _L _Z
5 o ! S ﬂﬂﬂﬂ z
T ! B o g
ey o ° Wﬁ%% :
B
,.__r.o 00O hlm
= ERS
o MF
=
D T
et Woﬁ_‘ﬂ\yw =
maﬁ.i = —~
=T =~ =
?@Eﬂ — o
5 =|mE
KT




A1AF ATTNETIA L] TYL crsersssesssesserssressssssarsssassrssssassassssasssssssesssassssssassussssossussssssssssssossossusss 1
AL AT HIZ T T QA coerrremerresssssssssssssssssssssssssssssssssssssssssssssssssssssssseens 1
A2 ATFANLE] BT T UL ettt 6
A3A AT P L Z| ] ceeeeeereersensenssenssenssasssssnsensessesssassssssnsssasesass 9

A2A AT IR Z Z T} et sssssiens 12
A1 HXHE3 A3 LD AR v 19
A2A ANE EFSEA 0] HAEH|E TTE csssssssass 73
A3A AUPE EOFE A 0] 7] L TPHE crerersrssesnsnnnsnssisenssssssensssassssenssssenss 105
A4 2<0E EoFE A O] Al 2Bl JPHE neciinsiisnsiessssssens 184
A5H 2ulE ETR A oA 2 H LA BA e, 236
A6 QOF T ZE i 259

A3 EEGHE 2 T2 FOE 7]O] T srmrmrssnsssssssssssssssssssssssississssssssssssssssssssssssnss 255
A1 BERE T A G cimiimsimsimsisimsisssissssmsiasssssasssssassassassasssess 255
s R = ) g 256

A4 AT ZATFO] B F|B]  rerserserserssrssessesssssessensensenssssssssssssssssssssessanssssssssssssssssssssssssssassonss 258
A1 TLAE] UHFAFEF cresersssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 9258
A2 AT Z)NAAT L FFEHIOL i 258

Ho
‘e u-

Y

Qe
Do
(@)
o

Al



H1E AN e

Ald 4 wid 2 €84
L. 979 w7

2014d 9] sAAE WA FEHWZ 10,028%ha & 9F 16.8%% 1,691xhags =A™
U= 4Fdol 6.369%ha® 63.5%E AAstH ymA| Z]EF "2o] 1,968%dhas 2HA|skaL
Utk °o]F =o] 934%ha, Lol 757HhaE At vt FEAHLS HAAY o= FE
sHAl 7t oy =& § s4A 9 e ALKHoR Aasta e FAloH

16,000 25
— = T
B e = T = HE
20
12,000 === o OOy - =5EF 1
10,000 £
T 15 om
z -]
% 8,000 =
o 53
81 6,000 10 &P
o 4o
4000
5
2,000
0 0
AL S
RO IRCCHICIEONE
a¥ 111 58 9 $73A 93] s
1,600
-
1,400 = BN
1,200 nE B
.. 1000
m
=
& 800
7
g 500
=
0 400
200
0
S o & o & & D o * & & S B D P
SFFFFF IS TP



1970
1975
1950
1985
1930
1995
2000
2001
2002
2003
2004 mAISFEE
2005
2006
2007
2008
2009
200
2011
2mz
203
204

nmy wjg

a 500 1.000 1.500 2,000 2,500 3.000 3.500
HXEH(Hha)

a9 113 2 A28 ZAEH W

1990 @72 F718tthr) o] 3 A& o0& ZHAshe FAolH HE i
= Ao A 2H) Ao WRE YA
= o

W
2 5
Aeargel A thgow

2

3,500

3,000

2,500

2,000

1,500

o (& &/ 10a)

1,000

x

500

=H Or= o
S
=)

=
ot
ot

aY 114 FaAE &5



= oA 1990 d o] F T i Z o]
A

e %7}
ToolE AL AuHom o Hale] oA BT WE 250 @
H

gholl whel 1990t o] Fel= 100 %01/ AFES %*éé‘}iﬁzb} ’%% A Qg g 2

AFEL 238 20109 o]% 5 2 FA3 HojA 1 Yt &S A Y3 g ZAE
= S7HNI7] SsiAE = HEEASIE BaFoln, dF A9 AAEES FAAT
AeiAE 71 =EGAA TA=S Al Al A5 Bt Falo Alojrt 4ot

E 111 $Evete] A= F2 FE AFE (B9 %)

8 2 2 neg I $55 B M & 71k
1970 80.5 93.1 106.3 15.4 18.9 86.1 100 96.9
1980 56 95.1 57.6 4.8 5.9 35.1 100 89.8
1990 43.1 108.3 97.4 0.05 1.9 20.1 95.6 13.9
2000 29.7 102.9 46.9 0.1 0.9 6.4 99.3 5.2
2010 27.6 104.6 25.1 0.9 0.9 10.1 98.7 9.7
2011 243 83.1 22.3 1 0.9 79 96.9 9.1
2012 23.6 86.6 16.4 0.7 0.9 10.4 95.8 10.1
2013 23.1 89.2 20.1 0.5 1 9.7 96.3 11
2014 24 95.7 24.8 0.7 08 113 96.1 113

W SEEMNEE, 2014, 5ETMNE 257 19702011

X OSESMABE, 2014, SYSMAE SH A 2012-2013

% SAN, 2014 SAXE

ol AES A A B B4o] UE BAR of2eg VT HAY wEE
ol ol@ a7k WASE AT Bor, EsAldl %% A4S WAR U EFFE
@7k ofel e A5t wol wAST: Ak



19 115 Ak AlEA 58i(20149)

AR 9 AT BE R TIHIAL TS UL THAYRY 2 o

=29 B7F nHsee 20149 129 7% 30.1%2 AURT 18 %ZAE Folhh. waA
€2 20109 318 %olA wid 2 % EAE sbFd mEA EolAm du AA AT nP s
2127 %9 3ME Y= FAolth 7t A9F BFAYE 20149 66540, THAF ]
2l 65415 Fold 201398 T L1 EobAA B7F A9Fe 39.7 %= 704 o4, 60t
29.5 %, 50t 225 % & oItk =, =olAe wAE AujA A D =FAMES FEAT
7] HsliA = E%‘E%ﬂ"i—«l 2utE Aoj7t BeAoln, B AFdAE olF A AF 9 Al
Zle Mdd A wdde] E87bsd dAF AAAI2E B AF Aot Thsd f oF
g Aol d-E stz gt

2. A9 88X

HoZ AfFFA AL F e IrE HEFA TES N
AA = WA 247% ha 3 2012 71& 1079+ havt HE&EA=
&3 71E2 ARAAY FAECR FHelM Zol thak AAb

el A9 FAE =
3 FgaT Qe Ax

A
2HAT. o] wA

]

Mol 2 /1% =3 O AEY A% WA L wFe 2U/ER 2oF £ gon 4
wH o2 FOEAS A2H¢ 5 4 lth FORASE w423 g sag $xar] s
s 2 AR &S AT

I Alzd"lojth At HxHA o Wzl F =
1ol nEsle] WE Y AAEY o3 ¢ FUAS B 1] 1“437— ol 2 °45£}:%
H2E e 71 oW 5o #AIME EPNSH] A =
Communication Technology(ICT) 714§t ~nlE &< 7|& E?J,OI
H 2 HA+ICT %i} 71 B AMg R ofF 2R A A

o[-ﬂﬁ

A | M=d 9111‘1, A

S Aol FAHIL e wokE 2rEHeR & ¢ Utk ICT 33 #d3 =
MEZ AT AdddE FHeE FHIFAFT AATEALR, 215 H ]
FEsta F2 AbEAlofel FAAAGE, ASAHE T TALE JPHL oy I =
nER 39 JesEe A Vs AT R 0% T2 7lsF Aole of 6d He =
YEtd g s4tE %5 SoAE ICTE HET Aol g 3 Folu opf 7|t
FRem BriEa A, HAAYS 2 5o dugEe AT F

e
il
it
o,
licd
o oo
b
N
(N

e ggoz
382 obx mug Aot



gop/ e | | R&D I FEEL EEEEEE
Ae0) 2asEwof

_____ NEEA | e HREE ) (aume [ o || swan | (mesvssmea
e A58 FaEe ————>
______________________________________________________________________ . S >
#E | [mre] [ rosat | eve | ==
""IE[SEH - >
i EW | o=zx

— sEpa/m —)

[(szaane |

I8 117 ICT €55 =d /Y |3

A S ABEG JEe T8 FEAA A B 9ue Tt A2d
g FEIE £2 EY Y. 45 B AN AU $FH JUR Y8
3 9ol Ful7h B, AFEE) A4S S84 Az 44

2
=
S

N i
)

Mo

ofo

Jo

A

b

=7} = mx dE ¥ =ZB@2 YERE Fd  FF FF
NerEld  F4 A A= A= A= A= A= A= F4
NEFE®%) 748 100 97.7 89.5 89.1 99.1 93.3 834  6L1
71EA20d) 46 0 0.8 2.1 2.2 0 1.4 34 7.0
X SYSAAZE 2013

ol4b3h o] Z4b 8 el 5 24 @ AA ) el BE ICT

o ju %‘El‘ %
AT e B e e MEsAR JE AET AT FEOE BARTL Qo
U Zedoez dxse 2AAM thE ICT 53 5 &2rtE w3 i 7lefde
o9 @ Ee] Myen



+HSZSTEF7|(PLC)

#HIZ$5Z7|(PLC) = 3h4, B0l GPopgol DB A

O|H, ICT HE7|&k sIN3| HX
IP|7L "I & 2H ICT 22AS FEE o wxj2opo &az|2 98l ICT7|20| & U
-w%%EW%ﬂ%ﬁLﬂﬁﬁg%* A O|H HiF|Eops 20I8T| Mg

= RN | a3y | M=7) 1 487

a9 118 A4 01](5%)5’} E=A A AlFr8 F71(PLO)

X X|QE 2014, 5P ICT 858 FUEO0F X YHUHA, 52 02 YA O|Lt 2014

EdolA AAGAR Sol7bs AL Hgte] I PR tiFES AASE =
Aol gt ICT 5% 2de =i Hed e dur gifg2 dF sy A=
Sesrbe) ddy Alzdel FE ok wEkA kAo Gl M T8 REE,
Edrd 2 ATAERE 73, AR Theste] 7P Ad7d A7) 2 e AAse] Bl
2"E Aojstes Azdle Iy dEedsol AdsA Mdsts Aol Basitt ol Al
2 Smart7]7]12 Alod F JE=F Azde 75T 2ol lon oji AzERte]
A wsde uHso] dESHM FF s4F Yoz &2 TheAdE M+ Tk

| 2 = Zoksta glon] el A4S AFEe] 100%E 278
w9 MEH Agd U@ ABHsEH L7E AEHow Zrem o,

< 71%e] I AAe &2
ICT 71§€ z}s}oq 4

2o o gE o off rf
ofo
o
il
fo



:: @ on/oft T
Sensor

Water de ™ W™ W™ ™ ™ ™ W™ ™ ™ ™

]

~
o \
- - - Soil moisture - oW eT o w s e - orwmer - o . Control
-_ -_— e .I <Ih O<Ih L5 <Ih O £ <h S BN - W - W= W g \
| | N\
] | A
| \
f | oy Ly o \
| |
|
Wi e ||
| ] T e e b /
| [e) Water level /
)| ’
|
I |
|II \
[ L 1 I Ty U ¢ 1 m T 1 Ty
& !| [ | L . [ e 1| | |
\ ; i “ | - T t I
Eo) “3 ~ - EHE
* = e »
. 3 Wiraless ~ NE =
5 am w wm o w am P — ———
wn W=
ZIE(7k2 ool W) EQLR AOAIAR BE(FEEH-H| RX)

a8 119 9 Al2H Ed =

AT Fa Y&

7}.

@)

OOOOOO

OO OO0

ooo #

HEEA HEF EFTE Ao & *F7Ie AT

EGSE 0s o3 dd Bd /& @ 44 A gdrEd 44

N4 ARAR AR A EFFE A3 03 9 41 2y e gnaE A
NE AR D EFFE dolHE ol 88 EYSE o % dndFEY A4F
EGE d323 8 dEdel B i 2 e st 45 dueE 7
MesA DEY WAL AA 9 Ash s A 7E A

24BN 8 ARG WE] BE EFFrH Weh mUE

EGgsR B fEo BE 42 A% 2 S P}

oE
o
off
N
,L
oo
by
=)
[m
Hr
o
5
ML
i
AL}
>

W
oL
=
iz,

HEFA HEg2vtE EYSE A2 P840 Ve B4 9 FEA 2 H
Ad AE

0% AH8S 1Et 3854 ©E5y FATA ESFE A NS

Ae 43 2 FEAS A BEYFE AAE A 2E5E ESGFE AAA
2= 7

M2 AES 23 FdA &8 IAF I L w5 AoA=E A

2t ESTE RUEY 9 8537 Ao ofEg Aol ME

A% HF HzEME 5
2eA B}

do
off
x«ﬂ ot



ofo

K
B

2= AN
A e} AAZE ol =

il

kel
pil

ol ]

=

=13

71 F&n8l Al

o

ke
e

g o9 e

]_

O g o
z

O H&sA A& —274?40

il

e

=i
=

TAME3 AA I

=i
=

IAg 2E AL

?_

(2016)

A

=
%

Ly

O HZ=EH

o

A7 B
| A5

\

2~ H
7 g e

S|
By

3

=i
=

O Ar-gARe 9]
o 7l& M

1

0|

A 9
2 A

=

&
Ed5E A O 4% A Ba

7N

2~H
Z
)

}\] P
}\Eé}

<

ES
O H&&A

(2017)

il

ﬂﬂ

O EdsBAc] A2u

FTE A& HAEWE Fgol m
vl EokE mUEE 7]& st

(GRS
o=

o

=

SR

=

-

u}

8-l

Zx
S

B Q240 o EAIM A

1

;01_

K

xr
i

B A ~Ee] HAEHS 2 8AT)

"
K

N

TH

<

—_

;OL
o

el

i

FrRAlo] AzEe] O 7)4kemA)

[e]

[e]
NAd

O

(2018)

X
i

of m& ZA

58

Ao 7] &2

pid
A

O EY




ALY BE AL N

-
M

O EFFE Alojrlee] 42897 2 45342 A% H44

11 47
B Ao HFREA ICT /1] e85 28 A% A0E EFFE Aol A29 ¥

A8 7l MEe st vE3 2ol FAFHS FHsA

v
J 4%
)
)
it}
g
o,
oL

apHE
- ZHZIAE
- g
- FEIYFE?Y
MR : - e
L2 AHE ¢ MapE
. - - IR T3 B

= 4 - FoMme HEY
T
- 9f8 LSt ot
- G A A

ASLALSE 5
g2 3 A7
4 23157] 9
A E

u} N Auge A Bl
A
- 71l |mE e RSk AlSel mE HH wiedE gy dads N



O ANz B 9 AW BA 2 BT AT EF5E AojA 2T D AvkEE S0
REREN

- AN 2E : ABE )RR L AN A Aot Fed Azd T

- 2nbE B A2 GEoA FAY PR, AZHR, AHRY AY)s o
A4 Azde Aoirls A

12. 8354 AYP EFTE Ao7le ML ¥t

B oATE oA ARl AN vheh Lol Thedt 2e WesAclAe) H7 Egs
B Alofr1%el e 488 ANES ANSE Ao ool WA ATE FYT AY

ol
I-1
I-1 o Y D @onfoft T
Sensor
S?I'u'_atsr lovel W W W wF W R wWF W W e ™~
oil moisture - s wm s WS s - s Rl s *.Control

| b O O <ab OO S5 <O S O AT S5 <D SO S i S .

| \

| t’j t’i sJ-'Jlsﬂlm'-irl:v‘ fé

f _ rooting’ '\'\?_ 7
| depth '|

I|I __________________________________________________ |

CTelle ~" " Water level T T /

. P
Wireless ™

-2

s
L]

I WL T A0 ANAS

a9 L1111 97230 =39t e

Ol &A : HzEHE =
- A58 e a3 axvlEs AR, HUE AT 9 JNAAE] St HzEMEES
=3}

S EHAEMEE RS 9% T A, 4 247120 484 AEL 9 W
8 Wjs gH o HA Be FYL B ANAS AYSHL FEY

e
O Il ©A : 8471&GEde) 24 3 37t
- WA TYHE 82714 WA R gol B J1E2 HEHET 2 FAe F
4G 7% A4

FE 24 2 BAsta 7V 2

- A SAFAR] BEdeE ASAAA did 24 2 242 AAska A3e U,
AEE, BA8S 71 4 1% dAHCIEd B ¥ 74EA 9 dF= AME7hs)

O Il &A : aa71<@o] &) N



7

O -2 @A : &% AAA M

- FAY EYTFE ASAE FASE W 9 aFAzES Aold F Ade Aot
(control paneD< AA 9 7|dste] A&

O -3 @A : 2utE Ao o Zg Aol 7

- TR EUSFE AZSHE TAS Ao X" AojuKcontrol paneD)g Ao 4=
AE EGANA NE D AL

O @7 : HzENE 28, 4% 2 A4 @
-7} 8a71%0 A8 D AFS B A2HS AMSL AF BHE A2UL 5

2. A7 FAAA

HHFEGER) H8s

SATNZE gl= MTY 2HE 2 =
SHEM EUE EHT| S8 2| YnE
+ EYE SXIE S 2 F ol + K& 3 XisHe 2A ® A
TH|O] AIAE o7&
. DHI EQAR OLIEY U . AJAE M0 02 SsE5T U 2EE S MAYM H 2E0|=
OHE O{Z2|A[014 7o [l f}“g =M [' [‘-l’-l i 3 ZEE I[
[l-.,- ) v I Y 1 :l ¥ ‘ .. Ad———J I R S S e S e e . .
Em = | E ‘:ﬂl_"'.‘_j ww\\ . . “
__________________________________________ . 1 SRR

a9 1.1.12 A9 FZAA



M2® 74 s % A

AlE $AM83 4% 2 A8
1L 5488 AL

2008 = HE] 2014¥7HA] o] & =7} AAL 45851ha® AW 6,550h7}F
o, 7t WA 198,640ha & YF WA /A3, 1, FFAET AFo| AT
2o o] o7 H3H(127,58%ha, 64.2%)F AOE o]= WRE 429 =79}
of g} WMAE Ayt =OoZ o|HH AU & & 3
¥ 214 9= AAHZ S d3H(ES - ha, %)

ol Al = Rk
s R Lk 2z ol & ks =4
1994 2,032,706 | 1,267,112 A 31,211 62.3 765,594 9,103
1995 1,985,257 | 1,205,867 A 61,245 60.7 779,390 13,796
1996 1,945,480 = 1,176,148 = A 29,719 60.5 769,332 | 410,058
1997 1,923,522 | 1,162,852 = 413,296 60.5 760,670 48,662
1998 1,910,081 | 1,157,306 A 5,546 60.6 752,775 A 7,895
1999 1,898,925 | 1,152,579 A 4,727 60.7 746,346 A6,429
2000 1,888,765 = 1,149,041 = A 3,538 60.8 739,724 46,622
2001 1,876,142 | 1,146,082 A 2,959 61.1 730,060 A 9,664
2002 1,862,622 | 1,138,408 A 7,674 61.1 724,214 A 5,846
2003 1,845,994 1,126,723 = A11,685 61 719,271 A 4,943
2004 1,835,634 | 1,114,950 = A11,773 60.7 720,684 1,413
2005 1,824,039 | 1,104,811 = 410,319 60.6 719,228 A1,456
2006 1,800,470 | 1,084,024 A 20,787 60.2 716,446 A 2,782
2007 1,781,579 = 1,069,932 = A 14,092 60.1 711,647 A 4,799
2008 1,758,795 | 1,045,991 A 23,941 59.5 712,804 1,157
2009 1,736,798 | 1,010,287 A 35,704 58.2 726,511 13,707
2010 1,715,301 984,140 A 26,147 57.4 731,161 4,650
2011 1,696,040 = 959,914 | A24,226 56.6 738,126 6,965
2012 1,729,981 | 966,076 6,162 55.8 763,905 25,779
2013 1,711,436 963,876 A 2,200 56.3 747,560 A 16,345
2014 1,691,113 933,615 A 30,261 55.2 757,498 9,938
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A= sk A =R - s B
(A_B) ﬁg—_ A= ARy | =
2008 712,804 1,157 25,698 21,324 3,936 - 438
2009 726,511 13,707 48,094 29,218 18,447 99 330
2010 731,161 4,650 29,147 21,819 6,770 10 948
2011 738,126 6,965 25,570 20,697 4,512 o7 304
2012 763,905 25,779 - - - - -
2013 747,560 16,345 35,169 8,891 21,466 4 4,808
2014 757,498 9,938 34,962 25,640 9,322 - -
Al 45,851 198,640 127,589 64,453 170 6,428
A 6,550 33,106 21,265 10,742 28 1,071
T3 41(%) 100 64.4 32.5 0.1 3.2

o EEEEEEE
e AB  Rox d® AEAZ TTAY HFAS 71}
2008 24,541 5,798 6,364 2,435 7,395 2,549
2009 34,387 5,876 8,412 6,231 10,800 3,068
2010 24,497 4,802 4,770 4,604 7,836 2,485
2011 18,605 3,600 4,778 2,424 6,072 1,731
2012 - - - - - -
2013 51,873 20,750 3,626 469 - 27,028
2014 25,024 2,773 1,826 614 203 19,608
Al 178,927 43,599 29,776 16,777 32,306 56,469
A 29,821 7,266 4,963 2,796 5,384 9,412
T3 (%) 100 24.4 16.6 9.4 18 31.6
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Ao Funy v A 470 2%)
A 757,498 180,000 105,853 58.8
QA 6,509 60 60 100
4k 4,860 400 208 52
7371 79,332 2,300 1,000 43.5
7 68,755 21,800 10,802 49.6
=5 66,933 9,190 4,225 46
= 68,156 10,600 4,529 42.7
A& 66,729 13,600 7,410 54.5
A 117,980 33,000 23,018 69.8
A5 141,854 43,000 18,300 42.6
A 60,280 7,600 5,989 78.8
A+ 62,667 38,450 30,312 78.8
71 e 13,443 - - -

sddH e 1P} Fdti=He] FTA A2 5 o]l o dste] g T&d 7
AEs Eo|7] Asids VIR RA S deAniv 5488 e gyt A%
FEol 7o BAAY FH ITAV= 115101 of & Zlojnt. LrHk GrjAd e =X
= f3 A 2EF:RF GRS F87] Aside 2 QWS eTske Fad 7
o2 o] Agzoz Ajle AT ort ok sAMEE A A= ol T
7RG R AR o] AARE S Farste] &5 S Havl e AoE Fdd



3219 27Ign 2 ANy
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=5 32 39 45 96 4 5 81 100
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A5 73 47 83 93 - - 156 100
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#2111 713 x40 wE H4 A/HE&(USDA-SCS, 1984)

Climatic Zone Minimum Gross Application Rate(cm/h)
From To

Cool Maritime 0.25 0.40
Warm Maritime 0.40 0.50
Cool Dry Continental 0.40 0.50
Warm Dry Continental 0.50 0.75
Cool Desert 0.75 1.25

Hot Desert 1.25 1.90




#2112 E EA D AAY 2 A~z 85 Z 8 #7)S(Cuenca, 1989)

Soil Texture 0-5% slope 5-8% slope 8-12% slope  12-16% slope
and Profile cm/h cm/h cm/h cm/h
Coarse sandy soil to 2m 5.0 3.8 2.5 1.3
Coarse sandy soils over more compact soils 3.8 2.5 1.9 1.0
Light sandy loams to 2m 2.5 2.0 1.5 1.0
Light sandy loams over more compact soils 1.9 1.3 1.0 0.8
Silt loams to 2m 1.3 1.0 0.8 0.5
Silt loams over more compact soils 0.8 0.6 0.4 0.3
Heavy textured clays or clay loams 0.4 0.3 0.2 0.2
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Wind speed Sprinkler spacing, decimal
(km/h) s,/D,, s,./D,,
0-8 0.60 0.65
8-16 0.50 0.50
16 and above 0.35 0.50

414kPa 345kPa ETG0
Fioo foo |
: :_.,d\"\ - Rectangular Spacing
F-sop—sof [~ ] Ny {mxm)
3 F \\ e e
E £ P~ 9x12
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3 ] \\L \Nb\\ | |
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W 303 g ]
o F -
F~ 2% 2 Double Nozzle Model
- C 30TNT Hx 2 7
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3 E 7 Ty tor o F 1
- O
~ ot o WIND SPEED (m/h)
1% 2.1.30 double nozzle sprinkler modeloll A &<}
2t4, =) wE uniformity coefficiente] H3H(After

Cuenca, 1989)
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Coefficient

System

(%)

(%)

(%)

(%)

(%)

(%)

Hand-move and

70-75

15-8

18

75

82

Side-roll
(with offsets)

Solid set
(low wind design)

22-15 95-60

30

75

70

Solid set
(high wind design)

65-70

22-15

18

75

82

18-10 74-81

10

75

90

Center pivot and

Linear move

62-63

9-3

35

75

65

Big gun

(low wind design)

5-3 78-80
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(high wind design)
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g AAWES Bol & F ok FE Ashls A= dAS widZ], ¢

4, dAY B4 9 7€) T AAE LIt HEFANA AT A FRES F
3 AstEs) D AshHige] AAE JBEAcw AmAA FE2FYEE F=FRain fall,
evapotranspiration)® A|stAlEdS T3 FEFYE= FFrrigation, Drainage)#9] A
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FEAQ@A HuZolE TAZBNA AGALEAAA o] + oA fA4) 05 dhr), Juxoz
FTFAGEAY ARl 0.6m ~1.0m, s-FTHolA 0.8m ~ 1.2m=E doh. O ¥l FFFAS] FdHE
WAl & Haw 0.6m oo dlof k.

FEAQ@A AL AW, BEFzd 2 EAo| §38 Fol weby AR,

FAY HEst AojAR WFE B ASA HE7 QoiA:, 2FHIAY Buzol

AWA EFFol Athad Seivt doh AARL AWD AT FA
USREDE FEL LML 2, FAA AF2 AAA AL QoI 0dme
Lam7t Btk webd E4@ 498 sty A9 ols wug
2 s Zlo) My s,

HAe] mjdzlol 7t Hx At ¥ AP A8&A T il AAEH= A DY 4A
o] mldtAL AAS7] A= vnd B AARIAE o] &3 Alite] At A5k
9 2SS QAT dAY MEAAS ALty #1% RS AAl A 7(Steady-state method)
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Darcy’s lawoll 4] Hooghoudt= th53 22 4& f=3¥thvan der Ploeg et al., 1999).

8 Kdb + A Kb 8 Kdb + 4Ky |
R=———F— or S=|—F—

= - 2.1.12)

WEFor Fve 7HEe st doe Aot o
b=z ol 1¥d dart Ao A EF
3 ™ &7 o|(effective depth, d,)

1o
ol
N,
it
)
B>
>
N
X
i
)
o
[y ¥
o
Ay
)
filo
kl
v
e
4
30,
o

s 2md

- oS (2.1.13)
8(10&( 5 )+F(:Jc)) S
71'7“6
Flz)=2 i log, [coth ()] o110
n=1
_z;m n=1249...),t=1,9,9...

7)o A] 2<0.5% Ao Flz)s g SAdloZ 33 4 gt

2

Flz)= Z—xﬂogg(%) (2.1.15)



o7 oA r & A polzo]l fantA(effective radius)® FU= F U
THE gudc webA 4 (21128 te3 go] & 5 Utk

rr
%
)
[H
)
Bc)

7 (2.1.16)

[ SKd, b+ A KD }” 2

AAZE YeidE AA FAHE HA Ao A3 wlS=Al4(drainage coefficient)E A3

stfof gt} vjFATE [HlFHE ] A “AgIdAMTZE 22 FdHI o ol ¢
= A4 gEn

AAAFL AA 4.5 7H4Hsta 2 @5HE ol&3std & T3t a8 4 (2.1.13)

(2.1.14), 2.1.15)%F ol&3td d.& Tt 73 #kdt viwdch ol & A vzl T

g d@BeE ST U Fetal d.7F 2ot w7k wkEskal ol S7F A ghe] ok
olg] T Yukel oA o] tE S aukA-S UERTH AU ZU oA A= A Eo)
U F& A== AFd o FaEAEC deide FUtE AES Ba7t s Aot

& 2.1.15 dAe FavtA4Delmar D. et al.)

Drain Outside Dia.(mm) r,(mm)

Corrugated plastic 89 3.5

Corrugated plastic 114 5.1

Corrugated plastic with synthetic envelop of filter 114 40.0

Corrugated plastic 140 10.3

Corrugated plastic 165 14.7

Clay with 1.6-mm joints 127 3.0

Clay with 3.2-mm joints 127 4.8

Corrugated plastic surrounded by a gravel envelop

(Cross section of 2a length on each side) 2a 1.175a

* Cross section of 2a length on each side

(@) FAFTEAA

AFHA oAM= FATE A9 FH A AR 8y AZFEo] TS
A7t HAst=E BAANAE ZHEs7] ¥ & E° 100mm/daye] -0 diste] o] &
A8l g A AAE oA w HIAAAQ] AT He geldolA] XAl "o
131 g g0l tiste] EAFHAEA S 8T 4 Atk van Schilfgaarde(1963) A st &

7] 913+ Boussinesq equation®] 3= th2-9o 2] A AU
9Ktd, 1/2
S= b2, + 5] (2.17)
flog, m
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Drained volumey,,; — Drained volumegepho

Drainable porosity = Depthl —Depth2

% 2116 EYEA w2 HFaE=EWater and Power Resources Services USBR Drainage
Manual)
Drainable
Texture Structure :
porosity(%)
Massive, very fine or fine
Clay, Heavy clay loam 1-2
columnar
Clay, Clay loam, Silty clay Very fine or fine prismatic 1-3
Sandy clay loam angular blocky or platy
Clay, Silty clay, Sandy clay, Silty clay loam Fine and medium prismatic, 3-8
Clay loam, Silty loam, Silt angular blocky and platy
Sandy clay loam, Light clay loam, Silt Medium prismatic and sub- 6-12
Silty loam, Very fine sandy loam, Loam angular blocky

. Coarse sub-angular blocky and

Fine dandy loam, Sandy loam . 12-18
granular, fine crumb

Loamy sand, Fine sand Medium crumb, single grain 15-22
Medium sand Single grain 22-26
Coarse sand gravel Single grain 26-35

FEIFTEY Aol 2 Ed EFA T 4FS B HFYS & F At O
o] 1%Y-& Chossat and Saugnac(1985)[F &3 9]o] AAIF EFASFe} FaTEL LA
2 et dEZ 3dd 5 gle Afoe A7 EolAt 2ol 0.0220%W e #e
AHES = Fleith WEstdAle] A dA =oZ AMEEE TR itk AAecng giR
 HESFo] HouZ t5 I9e] #AE A= FHsith

A E: f =0.025+0.006 X A(m/day) (2.1.19)
A E3<15%: f = 0.0153+0.0176 v K(m/day) (2.1.20)
15%<H E&<30%: f = exp(— 3.411 + 0.289In (A (m/day)) (2.1.2D)
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2 50mm(A=19.6c)E 3l AXAZEL Hjuv)F AHA00mS A-$)
S 50mmz std =&t

vj A A= 1/300 7 1/600, 1A= Al+=1/500 T 1/1,000= 3FA
AF 7127]9] FA7} THEEE HFH 7L 7 F3 Zo] wgAst
1%~ 1.0m/s Mol A= Ao] nrgrzsio
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¥ 2117 ¢A9

A 7]27](ASAE, 1998a)

. . Pipes NOT subjected to Pipes subjected to
Inside Dia. of . i . :
Pipe(mm) fine sand or silt fine sand or silt
p Clay/Concrete Corrugated Clay/Concrete Corrugated
75 0.08 0.10 0.60 0.81
100 0.05 0.07 0.41 0.55
125 0.04 0.05 0.30 0.41
150 0.03 0.04 0.24 0.32
dAS] 712717 AAEE dA W 551 md(Manning)32] 0.2 4FEsta =4
ol FFAAE FFAL A&7 2A g
V= %-RQ/B-IW (2.1.22)
® 2118 SFAY ZEAF
T o FF ZZAS4 n H] o
x-2 & 0.013 -
= o 0.014 + AZ4Es B nx Z)
A A E % 0.013 -
4 d 498 d 0.012
PVC & & F 2 % 0.016
(F) : B zEASE A2 499
¥ 2119 A9 7F, 5A4E
h/2r a B H] al
= O Zx 3
0.50 0.9895 0.62996 Q T °(:;/S)
= X =}
0.55 1.15917 0.65473 r= el g m)
= Z 2=
0.60 1.32962 0.67558 n **074”
0.65 1.49699 0.69251 L= 07 ]f7 ]
0.70 1.65696 0.70541 Vo= f(ms)
0.75 1.80486 0.71404
0.80 1.93448 0.71799 ‘
~
0.85 2.03932 0.71653 iV
0.90 2.10929 0.70827 h
0.95 2.12655 0.68980
1.00 1.97907 0.62996
& Q = L3 2w g

n
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A A - (suitableland analysis)o] & EXo] &AFoluf AME AFPA EFEE =& A4

o] A7 7 AT NS BEASe AAS T YAAAY] EAAS AAs

FeAola B§Ed Ae dAAR AAHE s HZole AYFEA=R(GIS)o] wol
9l © M(Ritsema and DeJong, 1999; ZFENTATA, 1997; H3 e 5 2004), &

W (overlay analysis)o] Bo] ArgEo] $th GIS7IH-S AYd £4& B W=
Ao M, ¥ YA FHAE Fohd F = &

AANA Fol7 EAE ATl YolA TAZE Yol thakd o

7] W&ol th 72, 1995). YA A GISE &8st HlsiA

? FEd - 288 Agrt AAFH ok s, A
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32131 A= AI=E =2 siesEE d3 (ha)
A= TE -k Fz FhFs  REF B
B A = 4 231 96 565 10
ks 223 905 212 371 71
el ) = 317 1,442 1,818 2,869 922
ks 715 1,503 1,310 642 182
ol A = 3,130 1,635 1,247 1,570 0
ks 4,462 1,336 860 989 1
ol A = 189 1,318 243 2,232 1,826
ks 247 1,220 194 511 245
= 1,432 2,577 1,047 3,986 180
BFHAA
ks 1,260 2,345 498 1,785 110
oA = 728 1,071 626 585 102
ks 1,590 1,762 761 585 153
PR = 3,582 3,398 1,305 1,949 319
ks 2,677 2,631 523 1,120 185
AEEE A = 972 3,911 1,475 1,783 846
ks 904 3,262 609 770 374
. = 14,367 43,978 15,389 30,815 14,839
ks 16,215 40,629 8,684 11,210 6,039
. = 17,356 14,098 8,131 4,829 1,727
ks 38,532 45,153 6,716 2,993 1,072
=gne = 16,645 27,615 16,374 13,729 4,168
ks 28,129 42,150 9,514 8,097 2,530
2y = 12,647 72,603 23,279 60,572 33,740
n ks 10,660 66,027 10,871 18,057 6,352
dmme = 15,855 50,580 24,227 79,628 12,190
ks 16,269 46,982 12,442 15,750 4,201
dorae = 18,369 82,599 31,377 57,778 29,378
ks 22,876 90,342 14,865 24,872 6,936
e = 60,875 45,833 44,495 30,067 10,482
ks 87,093 54,851 33,594 17,122 3,840
A = 27,449 39,871 35,634 26,928 2,801
ks 26,604 36,172 19,149 11,577 1,132
= 33 258 51 32 16
ARl k3 11,464 58,816 1,256 186 89
Aol = WA 12,272 ki, ¥HZ 10,382 kifolw wl&5Fo] wl$ Fzd AL =
1,940 ki, ® wom, B wjesgol ot ER =& 3,199 ki, %2 1,166 ki®
Ve, B3 =& 1,135 kif, &2 335 kiZ YEIRT AREZ 53] FiES
e =Y = AYEY, e =¥ = WA 433H ko] oF T4%E SHHEE



(943 ki), AHE% (918 ki), HePd= (872 ki), A71%= (457 kol A kA SFaL YA o™,

o) Agol% wEEFol oftEEy B 53U W WA 1501 kio o 76%E WeldE

m e

(318 ki), TAHEE (244 ki), B4EHE (210 ki), M2HE% (200kh), 7%= (172 ki)ol| A Z}A]
e o2 Yelyth bleSsgel B A9y

S AHEH, =9 A9 SHEE (337 ki),

Aebdx (294 ki), 471 % (148 ki), AZE= (122 ki), AAHE (105 ki) =02 Z}z; A A

=HAY 2.7%, 2.4%, 1.2%, 1.0%, 0.9%° aNF3t= AH |t HiFTFo] B w2 A

= (69 ki), =HEE (64 ki), A71= (60 ki), AEE (42 ki), FHEE 38 ki) o =

12374=2

Az wAzS Avrm 20159 71& A= 770,829 ha & AFAl, AAZA, SH5A|, ad
FHA], AQkrro] WAool Jg w2 107] Aol @

Helom, of Al =3 Lo mlesaE His AuEy tad 2

—

—

iy

2.1.32 A= ¥z A (2015, =7HEAEE)

=9 Al LA (ha)
1 A=Al 31,422
2 A A EA 31,202
3 Al 13,698
4 3 12,627
5 &M 12,308
6 B i 10,517
7 o 10,390
8 ok 10,330
9 FHA 10,302
10 ARkt 10,008
11 AZA 9,796
12 H AT 8,985
13 G 8,967
14 7 AHA] 8,834
15 B3t 8,829
163 TEA 121
164 Al & Al 119
165 QEFAI 75




2.1.33 A 9] 1070 Al wisEE W3 (ha)

N 7 Weds 3% s oplEd 23
. = 25 149 33 %6 1
A o 6,076 29,134 821 97 2%
) = 8 109 18 7 5
e 5 5,388 29,682 434 90 63
. = 5,987 2418 1,021 1,226 509
e o 11,924 3,960 1,087 1,308 327
. = 866 9,134 4,026 3,982 4,742
b o 1,182 11,278 1,647 2,402 1,012
- = 5,331 6,522 3,897 2,282 2,157
. o 5,346 4,554 1,252 1,349 690
. = 729 6,648 3318 5,110 1,022
e 5 931 8447 2,656 2,844 992
- = 8,893 3,439 3,323 3,716 98
R o 6,475 3,317 2226 1,574 23
. = 254 3.914 260 1,907 3,233
e o 699 8,305 423 2128 561
. = 2,746 1,845 3,641 790 0
@ o 4,675 3,008 3,659 926 0
i = 702 4,248 89 3,108 2,318
s o 9,295 6,635 174 1,961 1,029
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DEEERCES
B AT AGTHE APRE HF
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8.0 km, &5 ICAlA 4.0
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ozt
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Xk
N
En

LRl Y /
| ; B AEH = Cf 4% o2
N J O i
1 [ 0 2
T Tetgy

g%%

F
[
o
Do
N
DN
vi)
[
(m
=)
[
=
or
A
-
o
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ojal@ 458457170 AT}

B AT #FFYd AFA AARJMTFE SAAE
1254811 o]211, HZEHWE thdAQl 359 A 31694l 6,762%10] HF38h=
Ao Z YeHtHo]d 20159 SAAR).



3221 AE AFA AADH B w7kl "3 F0](2015d TAQR, FFA FH oA

T % L2 2014 2013 2012 2011 2010

O BAFARAHD ha 125,481 125,479 125,478 125,482 125,486
- H&(@/D) % 21.25 21.35 21.38 21.42 21.39

- & A ha 26,663 26,788 26,822 26,881 26,841
T ha 18,062 18,183 18,210 18,275 18,274

il ha 8,601 8,605 8,612 8,606 8,567

O ZFAAHA a 180.1 175.8 175.4 164.5 164.7
O % d 7O e 103,798 103,346 104,963 105,501 106,440
O 71 7@ e 34,034 35,311 36,686 35,124 38,508
- H&(@/3) % 32.79 34.17 34.95 33.29 36.18
O ®7l54 3 14,547 14,975 15,258 14,711 15,903

G35 43/ 125481ha & 3.5%¢] 4,337had] WAL (A s Exo] LHAFL

#E 222 EAolE HIHHFA FAAK, 2015, & : ha)

s 4 A
T = Al Fedd i 7] &
& A = A
&5 125,481 26,663 18,062 8,601 859 83,098 14,861
Biniacy 4,337 1,745 1,361 384 28 1,657 906
(R &, %) (100) (40.25) (31.39) (8.85) (0.65) (38.22) (20.89)

: o
L25030m = e Atk & AT du& 4 SR AAREe] AER U $XT
BAR WEA 21T WoEa ov, e Apeo] wasth AWF 7L 114T o1,
B o2 §YdlE 241C, ALA 19el=27C 74 Wtk B7 FAFE 98.9%

1

l‘l

o1 AW FEFL 1,250.30mo] o]2= Ao yEhyith



¥ 223 H2EHE A dur) 4t

By 7](C) | -27 02 5 118 169 21 | 239 241 19 | 127 58 -05 114
Yo7 mm) | 21.7 1 29.2 | 50.1 | 89.2 | 106.5 170.3 287.8 255.5 132.1 | 47.2 | 39.1 | 21.5 1,250.30
Bagrds(@| 51 55 74 79 81 95 15 | 137 86 55 68 57 989

H F5m/s) | 21 21 21 2 16 | 13 1 1 11 13 16 2 1.6

¥ 224 HZEHEZ=

-

dA 5713

A o Al ¢ =) 1995.08.15 64.5 1994.08.28 47 1992.08.08 45
HAd 10& 49 1974.07.31 30 1995.08.15 23 1990.08.20 21.5
H o g 5 F 1987.07.22 173.3 2003.07.09 161 2013.06.18 159.5
- & 70 7] | 1987.07.22 173.3 2003.07.09 161 2013.06.18 159.5
- H#AA 7] | 1977.04.24 95.4 2002.04.30 80 2003.04.25 78
A 2¢ 4% 2002.08.06 244 2004.06.19 242 1987.07.22 239.7
Ho 3¢ A% 2004.06.19 285.5 2011.06.23 275 1987.07.21 272.5
2006.07.04 ~ 2006.07.21 ~ 1980.08.07 ~ 1980.08.21 = 2007.08.26 ~ 2007.09.07
B A% A5
(18¥ ) (15¢ ) (13¥)
1977.01.01 ~ 1977.03.01 = 1984.01.04 ~ 1984.02.21 | 1987.09.11 ~ 1987.10.14
BRASAED S
(602 ) (4990 ) (349)
AHAT 0T | AR AL AGOIelE)  PHAEEOIEES)
(d &) 2010.11.26 ~ 2011.02.26 1989.10.17 1990.04.27
(932)

. 95dY L 54

L) FEAF
FFAIY E7hE 14.547T7FFCB 1%l A T7E 34,034R1Q2.71%)°] TS, wUHE
AA@EA e 180122 btk SPATE AAH gaste e B £ ok

LR W
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ol f 4 @ ivane
a9 225 H2EWE tdA Ul EYIAAA(FESR)

HeEWE: 34 EFER 24 EgF A4 BEshL it RO yshgor 7t &

(1) 743 (GANGSEO SERIES)

A& vl Soil Taxonomy 5ol ¢St coarse loamy, mixed, mesic family of
Anthraquic ~ Eutrudeptsell 43}, FAO/WRB ®Fo| <l3ld  Fluvic Hydragric
Anthrosols(Eutric Oxyaquic)ol] &3ttt EE+= ¢43]|Ao] MALYGEC|H 9] whio]
AEIBAx= 8B ZAM ] MAIGEC|H Xz o] dhFo] ot AE2BwDS ZAe mAt
AgEoly Zao] drEo] iy AE3BW2)S A AAIGESH g3l nhEoe] 9t
A= st S FolH dFAA o) AALGEC|aL A9 whEo] Jth. o] EXS UH9 &
A A o A e



Z_E_]-/\ﬂ o

3| ZHA = p:]/\ﬂ_,] Aﬂ/\} FE T oEo|T

FAES}] Fol

1™, 50cm o}z ol

o ™ o
. o
AE F4e G X5 JNA FHFEA Y, A4AHEe 2 RE /AR

5o 47
AAFe FE FHELRE 71U50 G WEe) spggaAe At gud 2o 9
5] A 2%olvrel®, B 1%o]th.

FAEge] A4
FAEFANYE T AL HABE WF) BXST, FEEE 5T Agolv $3

B2 Hirt EFSith.

o 52

He,
o



EAolg 2 44

T2 By B E Audo.

o - 173 (%) SAY T 289 (kPa)
= o] A} HE =4 (Mg/nD) 10 33 1500
FE(Ap) 0-20 57.5 30.5 12 ApkE 1.16
A E1BA) 20-31 47.8 38.6 13.6 YE 1.46
A E2Bw)  31-52 43.8 45 11.2 SE 1.45
A E3(BC) | 52-102 56.7 33.9 9.5 ApkE 1.44
24O 102-150 58.1 32.1 9.7 ALSE 1.42
O ELSY 35ty EA
® 226 AT HEEYY 353 54
; Edtg s anABe %) 34 9F o] &(me/100g) o
= H.0 IN (g/kg) (cmol/kg) Ca Mg k Na (%)
(1.1 KcCI
ZEAp) 5.3 4.1 19.9 7.8 2.8 0.6 0.2 0.2 48.7
A1 E1(BA) 6.0 43 9.8 7.4 39 07 02 02 67.6
Al Z2(Bw) 6.2 4.6 8.9 8.3 5.3 0.8 0.1 0.2 78.2
A E3(BC) 64 48 79 7.0 47 08 01 02 83.5
=2A©) 6.8 4.8 7.2 7.6 54 13 01 01 90.8

(2) 5 (JANGCHEON SERIES)

AHATS "= Soil Taxonomy EF/Fol <stH mixed, mesic family of Aquic
Quartzipsammentsel] <3}, FAO/WRB &l ¢]3}¥ Hydragric Anthrosols(Eutric Oxyaquic
Arenio)ol &3ty FEE ¢Fal S HIM Y AAECH EAl= SBEAM I Ao A
AR, FHAAALE, FALEC|T o] ES RO sHA A YA g
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ZFegoln, B mEAY mg- mEr = =dn

EXo]g 9 A
T2 =O0=F o]lgH}
L s
AHATY Fxdde Ao He APy 2 Wioz FEIx3ir
NEESF &84 EA
® 227 ZAAT HREYY EF &
o = A3 %) LAY = 232 (kPa)
= o] Ap HE 24 (Mg/ni) 10 33 1500
FE(Ap) 0-8 86.7 6.4 2.9 A& 10.9 8 2.9
ZALUCH | 8-20 91.5 5.6 2.9 A& 10.7 75 2.7
ZA2AC2) | 20-65 96.5 5.0 15 A& 7.0 4.5 2.4
ZAY3CI) | 65-120 92.6 2.5 1.9 A& 10.6 6.8 2.9
NEEYS 5155 54
X 228 AT HEEYS 357 EA
EFuk-g o = 2] 84 ko] 2(me/100g) .
715 97X 3L A7 E3I =
=5 O IN j(T/llg) (] lllk%) ° Ca M k Na ](/ )ﬂ
m %
) ko e cmolke g
T E(Ap) 5.3 4.1 2.5 3.05 1.29  0.35 0.08 0.07 58.7
ZA1(CD 5.4 3.9 1.8 2.95 1L.11  0.28 0.08 0.09 52.9
TA2(C2) 6.6 5.0 1.2 2.75 2 043 010 007 94.5
A3(C3) 6.6 4.7 1.2 3.90 263 058 0.09 0.09 89.9




2. HIZEH = 4AA

2.1 Hl2EW= HAHAE 2 2T A4

H2EHEE ~nlE EgFEA ol w2 28] A& 2fo|Z Hlmely] ¢kl 3719
27E TASYT 2E ESGSE Aos @) 2 wl5E Aojsts Ty B A
ojate FHow FRIHTH

37 27 179
g - ZEEAN + AOE Z7H
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of &% 9 3t4 Fo| AAE YA & Eﬂ*EHﬂEQl A ANA2E S FLIEE 3}
R ol FF A 2" FZoANE A AR T FHUY AxEES OdE &8
A7] W&ot

23 H2EMNE RstuEA 28 A
7} Asls gAY A= A

Al A AEE ARHT] FANA [5YALT A A 2 A 7] o) S |
15t M E BESAG, BAAAE G2 ol el BhHROIE AN ATk

T widdels [AEFAAM AZA st 7tAe Zol + {4l 2= 3§,
dutd oz F4AY AFRdolA 0.6m ~1.0m, stFTelA 0.8m ~ 1.2m=E 3. ohyl
FETFAe AR ol s A*fﬂ 0.6m o] o= sfof 3ot

[e)

oA e A, E¥ad % EXol g9 Fol weby AT,

B A7 H2EHWTdME AsuF A AEE AdidA 0.7mE AAsa shd

T

oA 0.8m=E ZAAsIH T

g, Ass AL kA A

(D Ast &A x4 A9 Na
Astall hA e Wi Aol Z%
2 dre] MAaAE AAs] s vlnE B AAAE o83 Alttol &
t}. A& =4S F A F(Steady-state
method) WA 27 FA F(Transient method) WA o2 FEE F Aot £ AFolA= &
A5 WA FolA van Schilfgaarde(1963)o] AAIgE 2]S AF&3}A T} van Schilfgaarde-S
A& S 7] 93 Boussinesq equation?] s the9] A& AASAT

S= OKid, 2.2.1)
N b, [2d, +b) ) -

b[2d, +b,]
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- K : BA9(m/day)

-t FREASFATIAY HF7] $13 AlHday)
- d,  BEFEFIS7HASY Fazel(m)

- f . fF&zt=E(drainable porosity)

flo
)
oo
ol
o

9 aYAA b, b= EFO] At FAY saZold mer AgAch 9 4
7 918 AAe ged g

D Age UAe ol galed F4AY WHA9E Fah
2) B9 A& ol&3ste 4 & tAl ALketh
FQLSd 2.2.2)
Fa) =23 log, [ooth (ne)],  (2<0.50] %, ngﬂog@(% A8) 223
n=1
d = ek (2.2.4)

e 8[loge( Wi )+F(x)

- ATlNA e FFAY FERE
3) Dol A AR doF Ao dHEFE Hlalgt
4) A AE 42 S5 Fote AAHS vEStY 47F Zotd uf AE 7 F5A 9

Mx)7b7 0] Ht.

A7 FLF AL BESE At Aol =2 AT Azoln, AF 3
+ F 2gste A BESHE AdeAA SPEs] A% dA 1A BYsE 2
otk olef thste] MjFHeIAE The} Lol AsESsh AfLSE AN Yok,
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A7e] BiENCO Yste] @A 9AF Wel A FFAPE FYSHAT T4

B
A= 1.02E-04 cm/sZ VHEFSETH

19 2213 H2EWTE EFASF =4

FEGZTES TARPHANOR Asl5E BAY W Bas WrE Ashrol o8 &
FoA AEEE FReE s AsHE AskEsd FFL mAE Witk old @
NS AMME Tl TYF ol AsEH Astel BE EFM FF D /1T
Wt thstel olsiatelol Wtk Astes Are EFe AT Bw F/NE FHFHu
lom AEel we 9o ageldsl pe PEE P glom, Akl o8 A5
G917t Zastd 29w ol Bust wetAl Aok webA AsEele] Makeh BS54
SEle Se WAE o) FRe Fo BAol L W WMotk AW FANTE
& ARsE AW s BHA AAY Hb s AT Feid Uk oA o
MAoR ANHE e AT QI FAAF BE G AT F Ak FELT
B 10%E ASANE 10em FFE B304 lome] go MFETE A ofn@h Ut
Aoz 44T & Y EFEAC] BE FENFEY W oy e} 2



Field C EF'EGitF_ =% Soil Surface x-blurr-i -:-ffjerrpt}r
o Soil Surface : Fﬁnmrﬁ'ugags re
3 “lume of pores
= rained
= o
1] =
% . Wigter Table ,
o Rwater & .
=y = .
Em z h .
T Water-filed E :
T Pores T l -i-
Migter Table 5 'lJ'Ll‘:'l'uarTaI:-Ie2
R TR S ¥ a7 d0 35 41;\
Fore Yolume “;l. Fore volume
(% of =il wolume) Saturated (% of soil volume)  Saturated
a9 2.2.14 A3t Astel mE Fad=E9 ol
FTEFES B WEW EGY FFATd dFS Be HFYds & 7 do o
9] 192 Chossat and Saugnac(1985)°] #|Agt FAot FaZMTES #AE YERATH
AERE AGd  fle Afde 4713 FolAe 2ol 0.0220%H Lo F= A&l E
Wity HE&SEAY A dA =02 AHREE wA O g AAEE RE HEFTF
o] Bormg o5 99 #AE AL E TSt
-HE:f=0.025+0.006 < A(m/day) (2.2.6)
-A E32<15%: f = 0.0153+0.0176 /A (m/day) 2.2.7
-15%<H E 3 2<30%: f = exp(— 3.411 +0.289In (K (m/day)) (2.2.8)
A7 AoA HEE vl 554 7|E2&2 fJ7o] 0.002mmelst] A& on|stH &9
AEE T3t & = Aok



® 2210 EYEA & FESE

Texture

Clay
Heavy clay loam
Clay, Clay loam
Silty clay, Sandy clay loam
Clay, Silty clay
Sandy clay, Silty clay loam
Clay loam, Silty loam
Silt
Sandy clay loam
Light clay loam, Silt
Silty loam
Very fine sandy loam, Loam
Fine sandy loam
Sandy loam
Loamy sand, Fine sand
Medium sand
Coarse sand gravel

Structure

Massive, very fine or fine columnar

Very fine or fine prismatic angular
blocky or platy

Fine and medium prismatic, angular
blocky and platy

Medium prismatic and sub- angular
blocky

Coarse sub-angular blocky and
granular, fine crumb
Medium crumb, single grain
Single grain
Single grain

Drainable
porosity(%)

1-2

1-3

3-8

6-12

12-18

15-22
22-26
26-35

*Tile drainage manual(Pakistan Council of Research in Water Resources, 2004)ol 4 =
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Clay 6.9% 10.9% 7.7% 7.1% 11.2% 8.6% 6.7% 10.2% 6.4%
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B AP ESFTFELES 737 fstd Feo 5SS o] &3 WHE HE3)
Saxton S(K.E. Saxton and W.J. RawlsD)-& Fo]zxl A 3 =
T 9 fUESHF 5L o83 =L AN olE T F U= ES AAFAT

la Soil Water Characteristics - [Sand: 68%, Clay: 8%)] =RRER X
Iy File Options Window Help _lal=
100+ T Oy Soil Characteristics
90+ b L -Loam Texture Class: Sandy Loam =]
god LS Sa- Sand “wilting Poink 121 %Wl
5i - Si Field Capacity 25.4 % Vol
T Saturation £1.2 %Vl
Gand | B0 Available ‘W ater 0.13 cm/ocm
,% 50 Sat. Hydraulic Cond. | 100.23 mméhr
=it Matric Bulk Density 1.03 glem?
N 404 Organic Matter -
304 8.0 % W L9 4 4 B o o ok
a0 012346678
20- S aliity
104 0.0 d5#m { : : : :
a 5 m 15 20
O Gravel
1] 10 20 30 40 50 60 70 80 30100 [5 % vl ————
—4 0 10 20 30 40 &0
Clay| 8 % wh Compaction
c . _ . : 1.00 . i . . '
T 1500 | g 100 E M atric: Potential Loose MomalDense Hard Sewer
g 1200 I 10 5 —Maics Demotic i e Caleula
= 900 T 1 2 £ — Hydraulic Cand. e
= 800 01 2 WEZVEl ooy PE—
£ 200 001 3 E e
£ plocbnbad b boS g g g = Matric Potential: 98 kPa
& 0 10 20 30 40 S0 60 T Matric + Osmotic: 38 kPa
Soil Moisture (% Wol} Hydraulic Cond.: 5.39E-B mim/hr
h,

Y 233 ESTFEA AR

1) KE. Saxton and W.J. Rawls, 2006, Soil Water Characteristic Estimates by Texture and Organic Matter for
Hydrologic Solutions, SOIL SCI. SOC. AM. J., VOL. 70
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9] AMAE Bl Wreh FAe EFEY ARHOR g0 AFH
Hu 2 dFoA B Artel &8st

Svmbol Definition

AB Coeflicients of moisture-tension, Eq. [11]

C Clay, "ow

DF Density adjustment Factor (0.9-1.3)

EC Electrical conductance of a saturated soil extract,
dS m~" (dS/m = mili-mho em™")

FC Field Capacity moisture (33 kPa), %oy

OM Oreanic Maitter, “ow

PAW Plant Avail. moisture (331500 kPa., matric soil), %oy

PAW, Plant Avail. moisture (33—1500 kPa, bulk soil), "o

5 Sand, “6w

SAT Saturation moisture (00 kPa), %oy

WP Wilting point moisture (1500 kPa), %v

0y, Moisture at tension 4, %ov

Oz 1500 KPa moisture, first solution, %y

Uiz 1500 kPa moisture, %o v

0y 33 kPa moisture, first solution, %y

U3 33 kPa moisture, normal density, %oy

U3 33 kPa moisiure, adjusted density, %oy

05 a3 SAT-33 kPa moisiure, first solution, %oy

Dys_ 33y SAT-33 kPa mwisture, normal density %oy

53301 SAT-33 kPa moisiure, adjosted density, %oy

g Saturated moisture (0 kPa), normal density, “ov

ey Saturated moisiure () kPa), adjusied density, %oy

Uy Tension at moisture 0, kPa

L1 Tension ai air entry, first solution, kPa

e Tension at air entry (bubbling pressure), kPa

Ks Saturated conductivity (matric soil), mm h!

Ky, Saturated conductivity (bulk soil), mm h~!

Ky Unsaturated rumlurrili‘t_\ at moisture 0, mm h™"

P Normal density, g cm -

TH Bulk soil density I:Il'l'.ll'l“i_l.“phl.\- oravel), g em™

POT Adjusted density, g cm -

A Slope of logarithmic tension-moisiure curve

0 Matric soil density/eravel density (2.05) = p/2.05

Ry Volume fraction of gravel (decimal), ¢ em ™"

Rw Weight fraction of gravel (decimal), g g

Ty Osmotic potential at O = g, kPa

Ty Osmotic potential ai B << g, kPa
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Variable Equation R'T‘Iﬁl. Eq.
Moisiure Regressions
03500 Dison = Oysonr + (014 2 Oys09, — 0.02) 086/0.02 1
Mz = — 00245 + 0.487C + 0.0060M
+ 0LE(S =< OM) — 0.013(C = OM)
+ 0.068(5 = C) + 0.031
33 033 = D33 + [1.283(05,)° — 0.374(05,) — 0.015] 063005 2
i3, = —02515 + 0.195C + 0.0110M
+ 0.6(S =< OM) — 0.027(C = OM)
+0452(5 = C) +0.299
Bisa3 O 33 = 05 33, + (0.63605 33, — 0.107) 0.36/0.06 3
O3y = 0.2785 + 0.034C + 0.0220M
— D018 = OM) — 0.027(C =OM)
—0584(S = C) + 0078
Y P, =Py, + {i}.i]'lefl — 0113, — 0.70) 0.78/29 4
Py = —2L67S — 27.93C — 819705 33
+ TLA2(S X 0g 33) + 8.29(C X 0g 4,)
+ 14.05(8 = C) + 27.16
Oy Os = Oy + O 33 — 0.097S5 + 0.043 0.29/0.04 5
Py P = (1 — 05)2.65 6
Density Effects
PDF Por = pn % DF 7
"F\j-.}.- "ﬁ, DE — 1-— {[l”'.-l."ll.{":‘-_} L]
Uiz g O3z pr = B33 — 0.2(0g — Oy mf} 9
Uisa3Dr "la snF = Us pr — Vs pr 10
Muoisiure-Tension
Peason-33) by = A(0) ° 11
Pazapey  Po = 330 — [(0 = 053)(33.0 —4b,) /(05 — 04)] 12
"["ﬂ#i.‘-”} " - ":" 13
A A = exp(In33 + Blnby,) 14
B B = [In{1500) — In{33)]/[In(033) — In{Dyzpq)] 15
Moisture—Conductivity
Ks Ks = 1930(0, — 055)" " 16
Ky K, = Ks(0/0) " 2/ 17
A A=1/B 15
Gravel Effecis
R, R, = (eR,)/[1 — Ry(1 — )] 19
P pg = py(1 — R,) + (R, X 2.65) 20
PAWR PAW, = PAW(1 — R,) 21
R - 1-R
Ky/'K K,/K, = — 22
o/Ks PETE T = Ry(1 - 302)]
Salinity Effecis
Ty Ty = MEC 23
0 .
T oy Loy = '—:‘{3‘31‘-‘--} 4
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2.2 HXAEH =
7} HAE

W= =G5

HAHEYGT

i

a=: N

T

AEFZFS 2AEHATH

AT Bl2EM =S 3904 A% 10, 30, 50cmellA AHT B meE, JE

¥ 231 H2EHE B AEEA
= = Pz
—u EE= EES g7 3 e
10cm  30cm  50cm  10cm  30cm  50cm 10cm  30cm  50cm

=2 69.9 56.3 66.6 70.5 58.9 68.9 71.6 60.8 71.8 66.1
AE 23.2 32.8 25.7 224 29.9 22.5 21.7 29.0 21.8 25.5
HE 6.9 10.9 7.7 7.1 11.2 8.6 6.7 10.2 6.4 8.4

Soil Texture Triangle Soil Texture Triangle

100 100
204
/' A¢VAVAv A
AVAVAVAN
A INVAVAVAVAVAVANS
. s P avavacavava iy
£ S, £ s,
;su sty S, ;50 v S
C. .,' VVV v ° G' ,,‘ \VAVAVY v 12 Q
4 A clay loam silty s A\ elay loam silty
s NI
C. clay (JII'I‘I \/\/\/
loam Silt loam \,],‘/\/\A
10 r}:?\¥/ N o 10 ;:‘rjny" ) /\MQ

-- “'“Jy,:(W\/\/\/\/\/\/\/\/\/\/\/”"'@\.*‘ 2 “‘“Jyx;am/\/\/\/\/\/\/\/\/\/\/\/“‘ S

z % 407'0 Sand Sepafale :;:c % % 407'0 Sand Sepafnte :o

a9 236 HET 19 EFEF

Soil Texture Triangle

N le\r loam% silty
\dndy B leV lo.m1
clay loz \m\/’\@N v \/\/\/

/\/\A &
INETS
= I“m:):n(m/\/\/\/\/\/\/\/\/\/\/\/“"@\.*

2 %
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ln am /

%
Fo

S.md Separme
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H2EW =9 B2 sandy loamol] 3|BZE 1 HFHOEZ 2 66.1%, AE 255% HE
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o 2o

lil
o_"u‘,

¥ 232 HZEHE Eoko EGTFEA

= AL FEIF AR o - FTH=A
W] 31
5= 33kPa 50kPa 100kPa 1,500kPa
SF<=H](Vol. %) 23.9% 22.0% 19.2% 11.1%
U JFEYTE 1Y
ko] ol AEo] EAFES DF 27 ¥ WolA zdats Aol 713 vlgA
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WA QA AN A G A EGR SR A S A9 F 9 Azke] AvE SRS
OJFE WFol HelF F Y= AU Atk WA AXEAAE ol §dte] AA €
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M y=-2.0582x+88255

0 23

139

17

15
2017-05-09 0:00 2017-05-11 0:00 2017-05-13 0:00 2017-05-15 0:00 2017-05-17 0:00 2017-05-19 0:00
AlZH

a9 23124 Itz olA A% 20cmol A ESTE A S5

fol age AAAA ASH HaEdEe] A= 0cmelAe] HEH EFFE o
&S Yeldth 904 B g A% 20cmoll A s dE T 2.0%9 SE2 EYFE 7
AshE Ao = e

29

27

“ EZRgs

p
g” SRR
T -
ﬁl 21
@0 2 5 ‘
IH
19
1.5 A|ZH
-
17
IR A ZHoa/29L 08:25-08:45) 208

15 J—

2017-04-29 0:00 2017-04-29 4:48 2017-04-29 9:36 Azt 2017-04-29 14:24 2017-04-29 19:12 2017-04-30 0:00

9 23125 IRtz A A% 20cmoll A2l #F Aol o3 Bk}
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9 a8 AR AZE H2EHEZS AX 20cmolAd AT =
Wk A% 20cmollAE #ANAZE T 1547 A & EgksRo] Asst
Ha IMAZER] 2080 YME EAETTF oG o2 FFdte A= ey

ool A¥E Qokstd 5Y WINE AASA &e AF 2U4AN AH T ESTE
2.0% 742 4 o, #A A fé EGTES 15AIX A 3 Fsstr] A&stER o

> 7

AHA AINE DA okstH, BAAAZEL 108 Wel2 dAske A

O
=

4. EGFTE AAE F% A2d N
41 EFFE AE A% #A Aude AL

AAE 7MY EdTEol *ﬁ%xi
AEo] Ago] FXsHA A =

(RAM, readily available moisture)
% o] I9E fFAAIAE 3t} H
HEo AF 278 EF 60-80%
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& 233 EYTFEAC Y 7R B
T & e A2d B 31
Ay FAAY2 o F FF<lo] AH| - ONJOFF A]~H
ON/OFF Mode v oA el =4 O
Al A - Application
N - ON/OFF A| 2=H]
AA AZZEo] A EgSE )
Sensor Based Mode 1 ASwkel 5 ol 3 - AA =T A 2H)
S5 Ao o
- Application
- ON/OFF A| 2=H]
A AZ2T FSdEAFEE o] - AA-FBA A 2H ZFo o B A&
Model Based Mode ‘1 | S22 K | 2.2} ] J _l o‘l‘#]
&3 mdlof &% Ao - EYgTrEdEEy 48
- Application
ON/OFF Modet: 7]1&¢] %63%711 oo mhe EgeRde e 9wilel Hy W
o) ANk FRE Aojshs Fao b Z1RH P B Age] T
i MEN =23 =T g
|
K0
=0
of
Kl
< @ I = EYEH
o (O ) IPNES{C= % PNFd g PN Fd))
R  — @ W AIRH@INAIZE2412H
R OR=2 IPNES (e ) PNFd A Fd))
e
a9 23127 ESFE Ao Ay 2@ A)

Sensor Based Mode= AlAel] o3 ASH ESdTE #d dg€dE A EYrad #
MAZEE ol &8t EYTE AR oE AANSAT. EYTE ASgkol o 2”4 A
AAN R =t AMNE AlZsta BANAIZES B 93] EdFRo] TS
S 9 4= FEEte AL FEE I B AT A A3 R nlel o] B Hx
En =AM AFANFEHA 19.2%0) =LEstd FNE AZsts Zo] gutdad & Qe
U 1Y B¢ A", Wl AR $ ESFEY s AFAANE 1Yt JHESGT
o] 22.0%%0 A& AEIHE BMALL EFTRo] 20.0%0 EE3tA AA S Zo=Z A
ABtA . T3 13] A/RAIRES A A AEE e} o] 10702 HAAsATH

Model Based Mode= #7| Azt AA o] & A AFRE Tt ASE EYF
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9 AdFrde F&ste Zon. A ELdrEY e ASAAR FE FAsn dF
AZE ol Fo] ZATA ARE EFste] EHo] o3 EdFRe 5T F WIRAE AR
o} ARAIZE AASE= W2l o 7 AAE T Model Based Moded] EYdGROZREH e o

S[EdTE AE AT d52F JNElel AAstAT

At ANHo R AFMFY EEHS F/AD 53, 3A R ARFAE A
&3A wRol ABol FAE YA UEEIA EF o] IS YU AT A 3
Fg Hzs) s XS Adolth Al GAN T FUYA LAY A S
4A7) ¢ T AstEAe AH F2o) el thest gol

E 234 FYPANEANAIA GHANZORS HY A5 D A S

EA ol & F & 5 27399 A4 A A (-3 74 olu)
H 1 =2 Z A EHS 30 40cm 2 EH3F 40 " 50cm
i =z

FA & & 3 Z 40 ~ 50cm Z 50 ~ 60cm

e L

g4 d A = E Z 50 ~ 60cm Z 60 ~ 100cm

FAMGe] MHE Hof

ol
i
i
oxl
juad
N
B
B
ol
O
N
do
N
-~
o
o|
Ol
o
)
12

.
%2 =% x[e4e H
ﬂ EYdsE
I
A0
x| stei 2 x|t q - Ko
OFITE FLEOPeS @ RISt 4 Al ® Rlot49| ASON £G4t A 28

19 23128 ESE Ao AlyE (X sk <)

Wk B MEATE SHHA Yt A0 AYstgon Asre - A5
g 23] AT glo] FEAo|mR Al Aol Fastel WHel onfoffe] 5L
A W = Prlwe] AAFANE BEHES TEHHLA AT B APNN TH3)
A s A ALEA AekrNE WER AST 5 U= Axwe FEEE AL of
Mg AOoE BUNGON EGLE AZ) ASHE AW ESFEAAY AL S} A
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Al g wastach Ao T Lol F9E MM SHF okl MAE BEIe] A
Aol 45e AST F AES AU AR Ph AAE AR ESFRANE B4
nAe Eofo] EHE A% AdLAt 5T AOE Hel ARAANFE HASE

=G TAANA LEY WNAE FHE AT REYS EFA 2o Z2Ie )
et aE EA R FEo] 55 o7 2EH2E A dxs -3 Al
Hol wEZ WNFe FUsts FHo=2 AAFNeH, ts 2™ Zo] A=A uid Bt
TAA EGAE, 28 V3 EARE ngoR dE EgTE RS T dAITIS

------ AR : (rEard Sl SR Ko HE )

348

_’Er
2HINE/ATH L)
=

0|(RD)
o Penman-Monteith
TAM=[FC-PWIsRD TR2Y JIES L LHEHETo)

| ERBLE(TAM L
J \

) ETamkoxETo

WERHAEE
(ML=P=P"+0.45x(5.0-
ETa) o

e

J FAM=ECTAM | CU=ETa

ol 1 7 A H| 4= 2 (CU)

DS+1=DS:-CU

9 23129 9] &
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EYGFE 2EL 0|43 WHE WAY ALL Yt EGSFE B4 2yS T4}
Atk BYFE B5A RYL NAAR, BEY R 42 SAARE 8o BEIFRL F
AY 5 =S O A3 gol TAUAT (FU3 5, 2014)

ASM, = [PR, + IR, + CR,] — [CU,+ DP,+ RO, 2.3.D

o714, ASMt2 td 7|Fo 2 ALE-DEY oA ESsE M3dF (mm), PR <
Z (mm), ROE= AZHFE=% (mm), RS #A/MF (mm), CRS ¥ =
(mm), CUE ZHEZF4kF (mm), 18] DPE FEES sHolA e A3ta43 (mm)o] ).

8] AAA B2 o3 FEATEFS FASHL, A, AFXGEH, 19 At
Fe TETFOE tEstd a9 A3 o] xd AT

ASM, = SM,— SM,_, =ER, + IR,] — CU, (2.3.2)
7] 4, SMtE 129 Ed4E (mmo] 1, SMi-12 ALY (-1 E¥FE (mm)o|th

D &¥l= (T4
w50l AH|SF CUv 7]|&5w4kE (ET0, Reference evapotranspiration)d 2HEAl<4=
(KC, crop coefficient)& o]&3st] A4tet 2235 4HF (ETa, Actual evapotranspiration) .=

Aozt (2 ).
CU=ET,= K, + ET, (2.3.3)

AsAlTe A= TR Asade wet gefA = &S tigk AASEA
Fo] n2 AHeojd o FAO Irrigation & Drainage Paper No.56¢] /\1 Dual Kc¢} Single Kc +
7Vl ZEATE ANk, dubg o2 Al4ko] RS Single KcgE A &3tk Aol A
© 3 1o A3 vie} Zo] FoAE=dTY FAA AR FAEATE A=AAY VEoE

] G2 ATt A&k
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A= L = 7heHlF iy haoal kel s
=29 (cm)* 70 60 58 50 40
EFFERLE 0.3 0.5 0.5 0.35 0.3
10 0.5 0.6 0.5 0.35 0.17
20 0.5 0.6 0.9 0.35 0.17
309 0.5 0.6 0.7 0.35 0.17
409 0.6 0.6 1.1 0.58 0.39
502 0.8 0.8 1.2 0.81 0.83
60 0.7 0.9 1.7 1.05 0.96
Az G | 708 0.7 1.2 1.2 1.05 1.07
%) % 80 0.8 1.6 12 1.05 1.06
ZHg A G 90 0.8 11 1.3 1.05 0.78
1002 0.8 1.2 1 0 0.45
1102 0.8 1.4 0 0 0.45
1209 0.8 0.7 0 0 0.45
1309 0.7 0 0 0 0.38
1402 0 0 0 0 0.38
1509 0 0 0 0 0.38

nx M8 &, 2017), I/HiF/AR/Ss/dF (8= &, 2015)
==Ll (2003), Doorenbos & Pruitt (1977)
N/ B7EHE (M2 R SANLATA, 1990, SO{EATR 2005), LA (SO{ESATY, 2003)

£y = A+~ (1+0.34u,) @34

A7IM, Ae F71% FA o 7187] (kPa/C), Rne AT (FE) THAA =54 3
€ AYA (=LA, Mim2day), G& EY € #% ¥E Mim2day), y = A5A 4
kPa/C), T+ H#7] (C), u2& 2 m HoloA9 3F& (m/sec), ese= E3ITF719 (kPa),
eat AATZF7ISt kPa)olt.

71Z&ZuarE e 9] 2l¢o] FAO Penman-Monteith 7]|&Z&dH4abed F2 o0& A4gth (Allen
et al, 1998). IA =uUolA 7|EZUF AP AFol|A F= Blaney-Criddle (B-C)H 7}
FAO-Penman®y %<& |83tk AT HIoles EF7IIASE  ol&ste= FAO
Penman-Monteith§-&  AMA A ZF717  (FAO), AHABMNuFL3]  (CID), AHAZIS7F
(WMO) SolA Fd3ta ot 7] Penman® o] @3-S H s FAO Penman-Monteith® &

u|J

N

.
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$a9% (ER, Effective rainfall)

d AR 2&E dasdol o

#HA 9t} (Allen et al., 1998).

=9 TR/ 2 Al7lel wel gE=A A H =1,

7 S o AU EokFE SMt-DI o

X

o kol A o)

o

=3
o

o
5

701-

of wa} &

=

e AEZ H)

FAO 7]
@ (SD, Soil moisture depletion)2]

b

o
=]

o EFFEY]

+o} (Allen et al., 1998).

)

=
[€)

(2.3.5)
t-DLo B

[e)

ET,+S8D,_,

ET, +(FC—5M,_,)
(mm), ERt= tLe] F&57F (mm), ETat= td 9] 2=

t-DY e EL4E (mm), 1831 SDt-1

[e)

HA Aldbd Foz=AM A7) ot

ER, = PR,

O

ifDR, =0, ER, = PR,— DR,

else,
(3 A&

WAREE (mm), SMt-1

NI

o
A

22

A
ol

2 SCS CNHeo =
MY =tz (Antecedent soil moisture

o =
FEFL

A

A El= ALz A AMC-1I

CN&

o
R

i+

(2.3.6)
(2.3.7)
Foll A

1

maximum
°

his

(Potential

}
F oM wieFs wiA

Ao A e

o] uj
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SFATH.

9

A

(P—0.29)*
P+0.8S

8%

Q

254.0

[e)
DR

-y
=

=

w2}
CN

25400.0

ifP<02S DR=Q=0

else,

9

condition)ol] A
retention) S<}
99 20%H 1}

EFl



EFFRe mupo] HPEE, Aol AT £ Udr mBF

A8 (FC, Field capacity)® g 7%1%=% (PWP, Permanent wilting

poinhAre] & F&& (AM, Available moisture) S =4 F&EF-Fe HUYgto =2 ola|d + 3
o ZAEFFolT A FES =& I F, U AR AHso FEHFUE 1315}
I Fo EYGTE AHE otH, TAERHE FEo] AE0] A He ARY EYr
oz 3 9xd (WP, Wiling poinhe 2 Id@AE=T Z7|¥=xx (WP, Initial wilting
point)> ZHEo] AE7] AZsteE EUGTrEoll AAAMNTEHSE EYTREY FFoE
ZhEo] T AAE TS F5H He EYTE JHE bR fFaFEY oF 50% T
S A3 (S 5, 2007; AeY 5, 2012). 1Ea EQFRo] AAAgLEHE R
W7t Zp=e] Sikgo] 54354 A Hed, FETE 5 A%

<« ZHF>e— P i< EXer—>
MESELR | |
e |
|
oF 1.0 15 20 27 3.0 38 42 45i 5.0 6.0 7.0
T
i i > M £ 49 | PN
& & 2z 7 =
=1 = o A 0
ES 2t = = 8
2 2 =
«—— |84 —>
Saturation F.C. P.W.P.
ISGA 355
otavd favd
A\ 4 \‘ » -\‘
O ) I0) S X
C Y Y L) aAgVe
9 23130 EQFEe E5 (FNul43-sh, 2007; EFsE, 2006)

N
=

E
T FEALFS SAHANA FEEST AAY T LT g vlE (WE
EdE4rE (SMEP, Soil moisture extract pattern)e]2}ar
P EY AEY TR ASTA, FEGHA " 21 dZo] 3
¥ ojyf A= 1A Fv A5V o FALRT S

3
g (2006)°1 FoAE&rol & BA 8, T=FoEF A HOMWRS wiw<d el A Al A8t
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= W A o2 e HgolfaEe TRAM (Total readily available moisture)S A&
sted, ESS GO E AEstal SMEP7H E}é} A e AFode EYGETE &l ¥
A

JElstEE A RAMS A3t EFSe BUF 08 175 EFFELn e 1)

A o A 279 RD, Root depth) el A §ESE RAM mme chiel 4

o= ﬂww} A% % Eope] EAGEFO) 40% FTHEHO 15%013 FE AN
H

= 70 cmola o]d WE FE&FRY =7|E= 175 mm (70
cm X (40% - 15%)), /‘£7é,%§fr%}% 87.5 mmo]t}.

RAM = 10-RDX [FC + PWP| x 50% (2.3.8)

o 7]A, RAMS #&E3 B¢ mE A /‘g% BEFEY (mm)eo|x, RDE & 279
Zlo] (cm), FCe ZA LT (%), 281 PWPE I7Y=%H (%))t}
o2z o g AEL QRHNA EUFES 12/ ol&d &£ JAT, FEAESUY FE
Aage AFA Ze AU B3 gutd oz xFA SO 2 YHasE Fagt
FAOII A= ZAEEE 2799 744 & (Depletion fraction) S ZwHakeo] Smm/daysl ZH-$ &
o]Z&A T, 2003; Allen et al., 1998). we}r] ESFE AN
Z ZHFske %o RAM3 TAM (Total available moisture)
EYTE Z4ags 18 ARAFETEFS 9 Ao A

W gee] A3 go| Axrdr
RAM = PX TAM (2.3.9

A7)A, P EFFELEOIT ol EYFEFLLS SWAF Smiday 7]E|mR U
Jo }

P=P+0.04x(5—ET),) (2.3.10)

q71M, P AEZLAF ETadl @t BAY ESFERAEL, Pe Z9F 5
mm/day 7159 EFrEALEEM X 1 F& & 29 o] AR tE2/ &I

AEHORE EGTEVFY D= d¥ ES EF4E RAM

=
& JFoR EFFEUEFS FOE WIW e Howm

SD, = FC— SM, = SD,_, + ETa, — ER, (2.3.11)
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236 2= A 2oy oot EdEd4as (Allen et al, 1998)

2= ooy 2ol Fas 2= T 2ol FAF
&l 0.5-0.8 0.45 g 0.5-1.0 0.35
A g 0.3-0.5 0.20 b= 0.3-0.5 0.30
&A 0.3-0.5 0.30 () 0.3-0.6 0.30
5 0.3-0.5 0.30 i 0.5-1.0 0.30
ErnE 0.7-1.5 0.40 20] 0.7-1.2 0.50
& 0.8-1.5 0.40 A 0.4-0.6 0.35
A 1.0-1.5 0.65 AFA] 0.3-0.5 0.30
G 0.6-0.8 0.50 A 1.0-1.5 0.60
=R 1.0-1.5 0.55 & i} 37} 1.0-2.0 0.55
AR 1.0-2.0 0.50 s 1.0-2.0 0.35

o BAAEY =29 A

N
2
o)
A\
B

A B} 7]
(XAg&TE, d79=x
Windows command #

Bote EGsE melE

O:
5

o oX

e
1Y
o
o2

Ln: 31 Col: 4

a9 2.3.131 &z

i
rd
=
o)
ot
(K
fu
[
ey
>
o
ot
g



~

D ZZA 2

LAE WHAYE AT EY E5A B4S A8 12719 viL=9) 349 fdEAds A
e ZRA2E FASAT 283 Z wMise JiEd g, 28 e 3 o
of g npe} 2o

User input: name of the met-station in Korean — Process flow == Data flow
« Argument: Metstation

soilwater_Balance readinput_Parameters -
(Metstation) (Metstation) i
1
1

urrent soil moisture measured in the morning

File input (*_climatebdays.dat)
« Argument: Metstation

readinput_Climatefile
(Metstation)

@

dailyReferenceETO readinput_Metstation File input (me‘tstatlon,?OlS.dat)
____________ (Metstation, day, Tmax, (Metstation) * Argument: Metstation
Tmin, Rhmean, Windmean,

Sunhour) € e e e e 1
Latitude, station elevation, height of anemometer

1Daily crop coefficien
iroot depth, &

Il wate ion f ;
ysoil water depletion fre

! ® @
1

1 ile input (cropinfo_2018.dat)
ser input: crop selection

v

4\ User input: planting date

Number, crop name, root depth, soil water depletion fraction, 10-days crop coefficient

File output (*_output.dat)
Table (Date, soil water depletion, actual ET, rainfall, runoff)
Irrigation date, irrigation requirement

% 23132 IMAE S A% EYETA B ZEAX~

pla)

g 3=
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237 WA

A 2R 7Eo = year(EAD)-month(EAD)-dayEAH) @xpete] 2He]00: #A EA,

A

0: mlzf &) ¢l
Q1 year(string, 1%, yyyy), month(string, €, mm), day(string, ¥, dd)
= delta.days(date, &)

A E#Htoday, date A A|) 7]FOo=F input_day(date A Exele] 20|00 v A,

A

K 0: A 25 gd

ol input_day(date, ¥ #}), today(date, &5 ¥ AH
o= delta.days(date, &)

A ES FEEA U A ETE%), FITAZH%), ALo)FRTEF%)
QA N
A TAM_noroot(float, H-&olfFasEFF, %), soil_fieldcapacity(float, ZZ&5%, %),

soil_wiltingpoint(float, g 7+%1%4, %)

e 254 g2~ 3d(9Ld: cropinfo_2018.dah)S 21, ZE AdY F &g EAZ HH:
ZAEHS, A4Er, Zrdze], EFFENAE, SHEAEAST

QA N

2= cropinfo(list, EHM S /AEH /TG A ) ESFTELALE/EELLEAST)

A FAaE, JIESEE, AEASTE BeE g92E d@YE: VRS AIE
_climatebdays.dat) ¢lo] B R(Z2E)

A4 Metstation(string, 71 4#Z4 ZE)

=] dailyclimate(list, ¢ AH/H T 2E/HAA2E/BH FNEFE/H AT EH/LZAINHZ5F)

N BELA SR g2E AT Y metstation_2018.dat) ¢17]: 1A EZA Y=, 3l

A
HIs, FE5A E0l
A4 Metstation(string, 7] 4#Z4 &)
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latitude(float, 7]4&=4  9%), stationheight(float, 7]13#A=4& L r=, m),

Penman-Monteith ¥ 7]F=5a4F A4kl g€

Metstation(string, 71’d#Z4 FZ), day(string, 2%, YYYYMMDD), Tmax(float, &3] 317]
, C), Tmin(float, €& A 7], C), RHmean(float, JH<x=, %), Windmean(float, 3%
’_T, m/sec), Sunhour(float, & =A|zF, hr)

ETr(float, ¥7]&5 &4, mm/day)

He | dEE e AN 2 A4EAS gu
I
A8 |kdlistlist, 2HEDZ A EFFEL L/ AAAEAS)

g E¢TE BYE AT 99 9 ¥ A A, A, IS, AEA, 27y
T |70, Egergas

A4 Metstation(string, 714#&4 =)

2 e cropclimdist, ‘&#/7= /71 =524k ), kc_infol0](float, ZH& 747, dimensionless)

eehe] HA EYFE BA=X(Volumetric %) ¢ w7
QI A=
=ih=] soil_water_current(float, AA E %<8, Volumetric %)

A I Egaw Bosta AR AL H BHE AYE =9
A4 Metstation(string, 714#Z4 F&)

Metstation_output.dat(file, &= 3d™) A string, yyyymmdd)/E &F5F=#F(float, mm)/
2 e AAZdareE(float, mm)/Y A4 (float, mm)/Y=(float, mm), B7H Y AKstring,

yyyy-mm-dd)/ 37 Z(float, mm)

An =g A9
A% |gle
CEIRES
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(2 ¥4 9d 2A
A48 yde AEAHRIE xIH cropinfo_2018.dat9‘r 7143 —%—i AR7E =71
metstation_2018.dat, 283 YE 7| E=AEE UJ4EF
EARE ZAEY eI, 2EY, I79, E
59} Zo] H2E HUE AT 7| dHRSF4AE AFLIE, H

G eA=s 7]°L7413H‘% =, ]%71]%]’%?;—0], FTEAA =, AFAAG

0 10 20 30 40 50 60 70 g0 a0
P lerrrrrrrvbvrrrrrreeberrrrrvvrberrrrrrrebrrrrvreeebrrrrrrrrrbrevvvccrebrrrrrrren e

T TE: IS (ANEE =, 2017, TIAE 7135 EYSEREE ol8£F 12 BAFE A, it
szt EA e D3 2SR E ﬂH] = AAEE A9 A EdiEn sgoEE T4, 1990)
#xEFFETLE: ] = 23 &5 Y AEe B dF (@) (&7, 2003). FAD crop
ZEI= . FEH,STY ,EUCF*E—ZI-&%, 10Dayafter,20Dayafter,30Dayafter,40Dayafter,50Dayafter, 600z
{,31%,70.0,0.30,0.5,0.5,0.5,0.6,0.8,0.7,0.7,0.8,0.8,0.8,0.8,0.8,0.7,0.0,0.0,0.0,0.0,0.0,0.0,0.0,
2,%,60.0,0.50,0.6,0.6,0.6,0.6,0.8,0.9,1.2,1.6,1.1,1.2,1.4,0.7,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0,
3,7}&%*,58.0,0.5,0.5,0.9,0.7,1.1,1.2,1.7,1.2,1.2,1.3,1.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,¢
4,2%7,50.0,0.35,0.35,0.35,0.35,0.58,0.81,1.05,1.05,1.05,1.05,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,(
5,17 0l=,40.0,0.30,0.17,0.17,0.17,0.89,0.83,0.96,1.07,1.06,0.78],0.45,0.45,0.45,0.38,0.38,0.38,(

a9 23133 AEAHE JEad A4 o (cropinfo_2018.dat)

LU - B B o T & B R % I o I

0 10 20 30 40 50 60 70 80 a0
I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||

132,015,528, 52 . 82482 1E 71¢A &gz, 7|2 A4 =0, F5AA 4= A+ AA 4=
2 500,1:71‘1-,50.80,110.0,100.0,3.0,1.0,10.0,0.5
3 000,45 %,35.15,128.34,17.8,18.8,1.8,11.8,0.6
4 005,89 ,38.09,127.18,154.2,154.5,1.8,12.9,0.5
5008, 553 ,37.54,127.04,112.5,112.4,1.7,14.1,0.6
6 099, =F,37.53,126.46,30.1,31.4,1.5,10.0,0.4
7 100, tH¥=,37.41,128.46,842,5,844.0,1.5,10.0,1.6
8 101,73 ,37.54,127.44,76.8,77.7,1.6,9.8,0.
9 1p2, ¥ == 37.58,124.38,144.4,157.9,2.0,10.0,0.6
7,1
5,1

10 105, 7+5,57.45,128.54,25.9,26.5,1.7,13.8,0.5
11 106, %53),57.30,129.08,39.6,37.5,1.5,10.0,0.6
12 108, 2 (%49 ,37.24,126.58,85.5,86.2,1.5,10.0,0.2

I3 23134 713 A=4L AR JdEagd ZAA o (metstation_2018.dat)

0 10 20 30 40 50 i
Trvrvrrvrebreerrrercbrrerrrrrrbereevreerberrrrrrerberrerrrenl
1858, 025 JALE WSS, BT, Q2NN A5
2 20181021,21.5,12.3,73.5,2.80,9.25,0.0
3520181b22,21.5,10.3,83.5,2.?8,8.25,0.1
4 20181023,11.5,5.3,93.5,3.08,6.25,0.0
5 20181024,21.5,12.3,75.5,2.98,9.25,0.0
6 20181025,28.5,13.3,73.5,2.38,7.25,5.0
7 20181026,28.0,18.0,69.0,3.00,12.5,10.6
8 20181027,30.0,23.0,59.0,1.80,12.5,1.0
9 20181028,34.0,23.0,79.0,2.20,13.5,0.0

9 23135 714AE gE gy 24 o
(54} _climatebdays.dat)
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2O A A V|FoE EYFE E 2o Ax=2 Ex (YYYYMMDD), B9
FEUEYE (mm), AASEAEF (mm), FF (mm), AHFEF mm)e] o2 FAdd &
gty EFSErEFo = A5 #INEH INFS Lo
npx] ek 2hele) 4k}l gt}

o

o H
ol ﬂd

9 ——=================================================================================
3 ---- OUTPUT .-
. S
5 Date(yyyymmdd) Soil Moisture Depletion{mm)} Actual ET(mm) Rainfall(mm) Runoff(mm)
f ===================================================================================
7 20181026 30.7 1.7 0.0 0.0

8 20181027 3z.2 1.5 0.0 0.0

9 20181028 33.1 0.9 0.0 0.0

10 20181029 34.5 1.4 0.0 0.0

11 20181030 36.2 1.7 0.0 0.0

12 20181031 38.5 2.3 0.0 0.0

13

14 ===» [ 5 14 =(2018-10-31) @ A [ 234.5 ] mm T7A7F sty

19 23136 #AE A3 =9 o (F4t_output.dat)
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